Various models have been proposed f o r discussing t h e s t a b i l i t y of amorphous a l l o y s . Nagel and Tauc

I considered t h e influence of t h e conduction e l e c t r o n s . I n t h e i r approach good s t a b i l i t y i s expected when t h e number of conduction e l e c t r o n s leads t o a Fermi momentum kF such t h a t 2kF*>ZIJ$=.
Here corresponds t o t h e wave v e c t o r a t which
t h e X-ray i n t e r f e r e n c e function has i t s main peak.
Later on Beck and Oberle 12 1 a l s o considered t h e e f f e c t of t h e conduction e l e c t r o n s on s t a b i l i t y .
I n t h e i r model s t a b l e amorphous a l l o y s can be .obt a i n e d i n cases where t h e consecutive maxima i n t h e p a i r c o r r e l a t i o n function match t h e consecutive minima i n t h e corresponding p a i r p o t e n t i a l funct i o n . Models considering geometrical f a c t o r s such a s t h e r e l a t i v e s i z e of t h e parent metal atoms have a l s o been proposed 1 3 1.
A l l t h e s e models can only give an i n d i c a t i o n
of t h e r e l a t i v e s t a b i l i t y of an amorphous a l l o y with r e s p e c t t o t h e corresponding c r y s t a l l i n e phas e s i n t h e binary phase diagram. This r e l a t i v e s t a b i l i t y i s c l o s e l y r e l a t e d t o t h e heat r e l e a s e d upon c r y s t a l l i z a t i o n of t h e amorphous a l l o y s . Unf o r t u n a t e l y t h e h e a t of c r y s t a l l i z a t i o n i s l e s s s u i t e d t o c h a r a c t e r i z e t h e thermal s t a b i l i t y of am6rphous a l l o y s . This l a t t e r q u a n t i t y determines t h e r e s i s t a n c e of t h e amorphous a l l o y s t o spontaneous c r y s t a l l i z a t i o n a t a given temperature. This r e s i s t a n c e towards c r y s t a l l i z a t i o n i s obviously of prime.importance i n cases where amorphous a l l o y s f i n d t e c h n i c a l applications.
I n t h i s paper it i s shown t h a t a reasonable d e s c r i p t i o n of t h e thermal s t a b i l i t y can be obt a i n e d by means of t h e k i n e t i c approach i f reasonable assumptions a r e made regarding t h e activat i o n energy vhich c o n t r o l s t h e d i f f u s i o n of t h e atoms. F i r s t some new r e s u l t s a r e presented regarding t h e thermal s t a b i l i t y i n some amorphous
Gd-Go, Dy-Co, Zr-Rh and Zr-Fe a l l o y s . The r e s u l t s obtained a r e then discussed t o g e t h e r with r e s u l t s reported i n previous i n v e s t i g a t i o n s .
The amorphous a l l o y s were prepared by a r c melting followed by melt spinning i n a p u r i f i e d argon gas atmos~licre. Small p a r t s of each ribbon were i n v e s t i g a t e d by means of X-ray d i f f r a c t i o n .
The thermal s t a b i l i t y of t h e a l l o y s was studied by means of a Du Font 910 d i f f e r e n t i a l scanning calorimeter (DsC), using an atmosphere of purif i e d argon gas. I n most cases p r a c t i c a l h e a t i n g r a t e s of 50 K/min were applied. The o r i g i n of t h e observed heat e f f e c t s was studied by heating t h e ribbons t o t h e d i s t i n c t s t a g e s i n t h e c r y s t a ll i z a t i o n process, followed by cooling and X-ray d i f f r a c t i o n . I n s e v e r a l a l l o y s t h e c r y s t a l l i z at i o n behaviour was studied i n more d e t a i l by applyi n g d i f f e r e n t heating r a t e s , varying from 0.5 K/min t o 100 K/min.
Fig. 1 gives some experimental r e s u l t s obt a i n e d on t h e amorphous a l l o y s Zrl-xRhx. X-ray d i f f r a c t i o n showed t h a t t h e f i r s t exothermic heat
e f f e c t ( 4 4 2 '~) , i n Zr80Rh20 corresponds t o t h e c r y s t a l l i z a t i o n i n t o a metastable simple cubic phase ( a = 2.52 3). A t higher temperatures (525'~) t h i s phase transforms i n t o a -Z r and Zr2Rh (cuA12 type a = 6.486 2, c = 5.583 a ) . I n t h e two o t h e r amorphous a l l o y s shown i n t h e f i g u r e , c r y s t a l l i z a t i o n i s much more simple and does not involve a metastable phase. I n t h e f o llowing we w i l l define t h e c r y s t a l l i z a t i o n temper a t u r e ( T~) a s corresponding t o t h e maximum of Table 1 . C r y s t a l l i z a t i o n temperatures ( T~) d e t e rmined by means of DSC and a h e a t i n g r a t e of 50 K/min i n v a r i o u s amorphous a l l o y s .
Fig. 1. DSC t r a c i n g s measured on t h r e e amorphous
Zr-Rh a l l o y s a t h e a t i n g r a t e o f 50°C/min.
Fig. 2: DSC t r a c i n g s obtained on aqorphous Gd65C035 a l l o y s a t various h e a t i n g r a t e s .
t h e f i r s t exothermic h e a t e f f e c t .
The temperature a t which c r y s t a l l i z a t i o n occ u r s depends s t r o n g l y on t h e h e a t i n g r a t e ( s ) app l i e d . A s an example we show i n F i g . 2 r e s u l t s ob- flow t h i s l a t t e r q u a n t i t y can be given by where q i s a constant and AE a measure of t h e p o t e n t i a l energy b a r r i e r f o r cooperative atomic t r a n s i t i o n s . The c o n f i g u r a t i o n a l entropy S , which decreases e x p o n e n t i a l l y w i t h T below t h e m e l t i n g temperature, can be regarded a s being f r o z e n i n and approximately constant i n amorphous a l l o y s near t h e c r y s t a l l i z a t i o n temperature. The c r y s t a ll i z a t i o n temperature s c a l e s t h e r e f o r e as t h e energ y A E i n eq. ( 1 ) . It was proposed e a r l i e r 1 9 1 t h a t a s u b s t a The hole enthalpies AHh were obtained by using Miedema's r e s u l t s of an a n a l y s i s of monovacancies i n metals and a l l o y s 112 1. I f ~4: ) r e p r e s e n t s t h e formation enthalpy of a monovacancy i n pure A(B) metal having a molar volume Vi(B) t h e conc e n t r a t i o n dependence of AHh i n t h e a l l o y Al-xBx can be given by Values of t h e q u a n t i t i e s A<: ) a r e given by Miedema I12 I excepting those of Eu. This l a t t e r value was obtained by using t h e r e l a t i o n AHlv = AH /3.4 and t h e enthalpy of sublimation v,o AHy,st l i s t e d by Hultgren e t a l . 1131.
t a i n e d on amorphous Gd65c035. T h i s dependence on h e a t i n g r a t e can b e used t o o b t a i n experimental v a l u e s f o r t h e a c t i v a t i o n energy A E of t h e cryst a l l i z a t i o n process by means of t h e Kissinger
n t i a l p o r t i o n of hE c o n s i s t s of t h e enthalpyAHh needed t o c r e a t e a h o l e t h e s i z e of t h e s m a l l e r type of atom of t h e amorphous a l l o y s . The c r y s t a l l i z a t i o n temperature is t h e n expected t o s c a l e roughly a s t h e h o l e formation enthalpy. I n o r d e r t o t e s t t h e g e n e r a l a p p l i c a b i l i t y of t h i s model we have p l o t t e d i n Fig. 4 t h e c r y s t a l l i z at i o n temperature o f s e v e r a l d i f f e r e n t a l l o y systems versus t h e i r corresponding h o l e e n t h a l p i e s . where c i s an e f f e c t i v e surface concentration
Fig. 3: Kissinger p l o t s of various amorphous a ll o y s , ( s i s t h e heating r a t e , Tx t h e c r y s t a l l i z at i o n temperature).
Pig. 4: C r y s t a l l i z a t i o n temperature (Tx) observed i n various amorphous a l l o y s p l o t t e d versus t h e corresponding hole formation enthalpy ( A H h ) . The d e f i n i t i o n of AHh and t h e references p e r t a i n i n g t o t h e Tx d a t a used a r e given i n t e x t . I n t h i s f i g u r e we have used t h e Tx values obtained i n t h i s i n v e s t i g a t i o n together
A glance a t Fig. 4 shows t h a t t h e r e i s r a t h e r good agreement between t h e experimental d a t a and t h e p r e d i c t i o n s of t h e model. Although it i s not immediately apparent from t h e r e s u l t s shown i n Fig. 4 , we would l i k e t o ' s t r e s s t h a t i n binary systems Al-xBx t h e present model p r e d i c t s t h e c o r r e c t concentration dependence ( 14 1. I n general one observes an increase of T with increa-X s i n g B concentration ( s e e f o r instance Fig. 1 and Table 1 i . e . T increases with x. I n t h e present approach it i s assumed, however, t h a t ( f o r a l l concentrat i o n s ) t h e hole s i z e p e r t a i n s t o t h e smaller type of atoms ( B ) . Since t h e A atom has t h e smaller s u r f a c e energy it i s r e l a t i v e l y easy t o make a hole t h e s i z e of t h e smaller type of atom i n t h e A metals o r i n a l l o y s of high A Concentration. I n eq. ( 2 ) t h i s f a c t i s accounted f o r by t h e f a c t o r (OBiVA)5f6.
) . The reason f o r t h i s i s t h e f a c t t h a t t h e A metal i n t h e amorphous
A point t h a t needs f u r t h e r discussion i s t h e discrepancy between t h e magnitude of t h e A H h values used i n Fig. 4 and t h e experimental values derived from Kissinger p l o t s . I n t h e f i r s t p l a c e it should b e remembered t h a t AHh i s only a p a r t of t h e a c t i v a t i o n energy f o r d i f f u s i o n . A l a r g e c o n t r i b u t i o n might come from t h e so-called saddle-point energy. One expects t h e r e f o r e t h a t t h e r e a l a c t i v a t i o n energy w i l l be l a r g e r than
AHh. More important, however, i s t h e f a c t t h a t t h e experimental A F values have i o be considered a s apparent a c t i v a t i o n energies 17 1. Due t o a s l i g h t temperature dependence of S i n eq. ( I ) , t h e values of t h e apparent a c t i v a t i o n energies may become a few times higher than they would be
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i f S were r e a l l y temperature-independent. High values of hE occur i n t h o s e a l l o y s i n p a r t i c u l a r t h a t can g i v e r i s e t o s t r u c t u r a l r e l a x a t i o n a t temp e r a t u r e s preceding Tx 1 7 ( . I n t h e above approach we have not considered amorphous a l l o y s such a s Fe-B and Pd-Si i n which one of t h e components i s a non-metal. I n t h e s e a l l o y s t h e m e t a l l o i d atoms o f t e n show a tendency t o form a network, so t h a t o t h e r e f f e c t s than those considered h e r e may c o n t r o l t h e r a t e of c r y s t a l l i z a t i o n . Of t h e b i n a r y a l l o y s between met a l atoms Al-xBx one expects d e v i a t i o n s from t h e l i n e a r r e l a t i o n s h i p between T and AHh i f t h e X concentration i n t h e B component becomes very high.
I n t h a t case pure B metal w i l l p r e c i p i t a t e out of B-rich regions. Only a l o c a l s p a t i a l re-orientat i o n cf t h e B atoms may be r e q u i r e d and t h e a c t i v at i o n energy may be smaller t h a n t h a t corresponding t o a hole t h e s i z e 0 f . a whole B atom. Exceptions a r e furthermore amorphous a l l o y s such a s t h o s e of Ag and Au w i t h 3d metals. I n c o n t r a s t t o t h e a ll o y s considered i n connection with Fig. 4 , t h e s e l a t t e r a l l o y s have a p o s i t i v e h e a t of mixing ( 1 5 \ s o t h a t A H i s expected t o be lower than i n casea h where t h e h e a t of mix5ng i s n e g a t i v e 114, 16 1.
I n t h e l i q u i d a s w e l l a s i n t h e g l a s s y s t a t e t h e r e w i l l be c l u s t e r i n g between l i k e atoms. I n t h e phase diagrams no i n t e r m e t a l l i c s occur, s o t h a t c r y s t a l l i z a t i o n involves t h e pure components. For a l l t h e s e reasons T w i l l occur a t lower tempera-X
